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The Ca l  I f o r n l a  Energy  Commlss lon  (CEC) 
I s  engaged I n  r e s e a r c h  t o  d e t e r m l n e  
a p p r o p r l a t e  compl  l a n c e  o p t l o n  c a l  c u l  a t l o n  
methods  f o r  t h e  T i t l e  24 B u l l d l n g  E n e r g y  
E f f l c l e n c y  S t a n d a r d s .  I n  conjunction w l t h  
t h i s  r e s e a r c h ,  t h e  CEC I s  a n a l y z i n g  t h e  
p e r f o r m a n c e  c h a r a c t e r 7  s t i  c s  o f  gas  
f u r n a c e s .  e l  e c t r l c  c e n t r a l  a i r  
c o n d l t l o n e r s .  and  h e a t  pumps. The c u r r e n t  
c a l  c u l  a t l o n  methods  f o r  t h e s e  a p p l  l a n c e s  do 
n o t  r e f l e c t  c e r t a l n  s i t e  s p e c l f l c  
Information. such  as t h e  p r e s e n c e  and 
c h a r a c t e r l s t l c s  o f  c r a n k  c a s e  h e a t e r s  
(CCHs) f o r  a l r  c o n d l t l o n e r s .  s t r l p  h e a t e r s  
f o r  h e a t  pumps. o r  t h e  number o f  gas h e a t e d  
h o u s e h o l d s  w i t h  c e n t r a l  a i r  c o n d l t l o n e r s .  
Because  t h e s e  f a c t o r s  s l g n l f l c a n t l y  a f f e c t  
t o t a l  e n e r g y  c o n s u m p t i o n .  t h e  p r e s e n t  
compl l a n c e  o p t l o n  c a l  c u l  a t l o n  methods  may 
need  t o  b e  a d j u s t e d  b a s e d  on  c u r r e n t  
equipment I n s t a l l  a t l o n  p r a c t i c e s .  To 
d e t e r m l n e  t h l s .  f l e l  d  d a t a  on I n s t a l  1  a t l o n  
p r a c t l c e s  I s  r e q u l r e d .  
T h i s  r e p o r t  documents  a  s t u d y  t h a t  was 
c o n d u c t e d  b y  XENERGY. I n c .  f o r  t h e  CEC and  
a  consortium o f  C a l i f o r n i a  u t l l l t l e s .  The 
u t l l l t l e s  p r l m a r l l y  I n v o l v e d  I n  t h e  s t u d y  
w e r e  P a c l f l c  Gas and E l e c t r l c  Company (PG 
and  E l .  S a c r a m e n t o  M u n l c l p a l  U t i l i t y  
D l s t r l c t  (SMUD), S o u t h e r n  C a l i f o r n i a  E d i s o n  
Company (SEC) . and S o u t h e r n  C a l  l f o r n l a  Gas 
Company (SCG) . 
The t o p l c s  c o v e r e d  c a n  b e  d l v l d e d  I n t o  
t w o  p r l m a r y  c a t e g o r l e s .  t h o s e  a s s o c i a t e d  
w l t h  c e n t r a l  a l r  c o n d l t l o n e r  l n s t a l l  a t l o n  
p r a c t l c e s .  and  t h o s e  a s s o c l a t e d  w l t h  h e a t  
pump I n s t a l l  a t l o n s .  F o r  a l r  c o n d l t l o n e r s .  
t h e  p r l m a r y  I s s u e s  l n v e s t l g a t e d  were :  
o  t h e  s a t u r a t l o n  o f  c e n t r a l  a i r  
c o n d l  t l  o n e r s  among new1 y  
c o n s t r u c t e d  h o u s e h o l d s  t h a t  a r e  
c e n t r a l l y  h e a t e d  b y  n a t u r a l  gas ;  
o t h e  p r e v a l e n c e  o f  c r a n k  c a s e  
h e a t e r s  on  c e n t r a l  a i r  
c o n d l t l o n e r s  i n s t a l l e d  I n  new 
r e s i d e n t i a l  c o n s t r u c t l o n :  and  
o t h e  p r e v a l e n c e  and  m o t l v a t l o n  
f o r  l n s t a l l l n g  c e n t r a l  a l r  
c o n d l t l o n e r s  e x c e e d  t h e  mln lmum 
e f f l c l e n c y  r e q u l r e d  b y  t h e  
C a l  l f o r n l a  a p p l  l a n c e  s t a n d a r d s .  
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F o r  h e a t  pumps. t h e  p r l m a r y  I s s u e s  
l n v e s t l g a t e d  were :  
o t h e  p r l m a r y  m e t h o d s  u s e d  t o  
s l z e  h e a t  pumps: 
o t h e  p r e v a l e n c e  o f  s t r l p  h e a t e r s  
on new h e a t  pump I n s t a l  1  a t l o n s .  
and  t h e  f a c t o r s  t h a t  i n f l u e n c e  
when s t r l p  h e a t e r s  a r e  
I n s t a l l e d ;  and  
o t h e  p r e v a l e n c e  and m o t i v a t i o n  
f o r  I n s t a l l i n g  h e a t  pumps t h a t  
e x c e e d  t h e  min imum e f f i c i e n c y  
r e q u i r e d  b y  t h e  C a l l f o r n l a  
a p p l l a n c e  s t a n d a r d s .  
D a t a  w e r e  g a t h e r e d  f r o m  a  v a r l e t y  o f  
s o u r c e s  I n  o r d e r  t o  a d d r e s s  t h e s e  l s s u e s .  
i n c l u d i n g :  a  t e l e p h o n e  s u r v e y  o f  200 HVAC 
i n s t a l l e r s .  d e s l g n e d  and i m p l e m e n t e d  f o r  
t h l s  p r o j e c t :  a  r e v l e w  o f  e q u i p m e n t  
c h a r a c t e r i s t l c s  m a n u f a c t u r e d  f o r  s a l e  I n .  
Ca l  l f o r n l a :  and e x l s t l n g  h o u s e h o l d  s u r v e y  
d a t a  p r o v i d e d  b y  t h e  m a j o r  C a l  l f o r n l a  
u t l l l t l e s .  The m a j o r l t y  o f  a n a l y s l s  was 
b a s e d  on t h e  HVAC I n s t a l l e r  s u r v e y .  The 
s u r v e y  d a t a  w e r e  g a t h e r e d  f r o m  a  s t r a t i f i e d  
samp le  o f  HVAC I n s t a l l e r s  l o c a t e d  i n  s i x  
c l l m a t l c  r e g l o n s  t h r o u g h o u t  t h e  s t a t e .  The 
c l  l m a t l c  r e g l o n s  w e r e  s e l  e c t e d  f r o m  among' 
t h e  1 6  zones  u s e d  f o r  c o m p l i a n c e  o p t l o n  
a n a l y s l s  u n d e r  t h e  T l t l e  24 B u l l d l n g  
S t a n d a r d s .  The T l t l e  24 r e g l o n s  i n c l u d e d  
I n  t h e  s u r v e y  w e r e  zones  3. 7. 8 and 9 
comblned.  10,  12, and  16.  
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T h e r e  I s  w l d e  v a r l a t l o n  a c r o s s  c l l m a t e  
zones  I n  t h e  s a t u r a t l o n  o f  c e n t r a l  a l r  
c o n d i  t l  o n e r s  among n e w l y - c o n s t r u c t e d  
h o u s e h o l d s  t h a t  a r e  c e n t r a l l y  h e a t e d  by  
n a t u r a l  gas. S a t u r a t i o n  e s t l m a t e s  w e r e  
d e t e r m l n e d  f r o m  t w o  p r l m a r y  s o u r c e s .  t h e  
I n s t a l l e r  s u r v e y .  and  e x l s t i n g  u t l l  l t y  
s a t u r a t i o n  s u r v e y s .  As seen. a c c o r d i n g  t o  
t h e  i n s t a l l e r  s u r v e y .  n e a r 1  y  t w o - t h l r d s  o f  
a l l  new homes w l t h  gas  f u r n a c e s  I n  c l l m a t e  
zones  3 and  7 a r e  b u l l  t w i t h o u t  c e n t r a l  a l r  
c o n d l t l o n e r s .  I n  c o n t r a s t .  t h e  v a s t  
m a j o r l t y  o f  homes I n  t h e  r e m a l n l n g  zones  
a r e  c o n s t r u c t e d  w l t h  c e n t r a l  a l r  
c o n d l t i o n e r s .  D l f f e r e n c e s  b e t w e e n  t h e  
v a r l o u s  e s t i m a t e s  f o r  t h e  same zone  a r e  
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a t t r i b u t a b l e ,  i n  p a r t .  t o  d i f f e r e n c e s  I n  
t h e  d e f i n i t i o n s  o f  t h e  z o n e s  f o r  w h l c h  t h e  
d a t a  w e r e  o b t a i n e d .  
T u r n i n g  t o  t h e  I s s u e  o f  CCH s a t u r a -  
t i o n s ,  o v e r a l l .  26 p e r c e n t  o f  a i r  
c o n d i t i o n e r  I n s t a l  1  t l o n s  made b  Y 
r e s p o n d e n t s  t o  t h e  I n s t a l l e r  s u r v e y  
i n c l u d e d  CCHs. However .  a p p r o x i m a t e l y  t w o -  
t h i r d s  o f  a1 1  a i r  c o n d l t l o n l n g  I s t a l l a t i o n s  
i n  zones  1 2  and 16. t h e  t w o  zones  w l t h  t h e  
g r e a t e s t  h e a t i n g  r e q u i r e m e n t s .  had  CCHs. 
Zones 8 / 9  and  10. w h l c h  a r e  q u i t e  m i l d .  had  
v e r y  l o w  s a t u r a t i o n s  o f  CCHs. When c r a n k  
c a s e  h e a t e r s  a r e  I n s t a l l e d .  t h e y  a r e  a l m o s t  
a l w a y s  i n s t a l  l e d  by  t h e  m a n u f a c t u r e r .  
r a t h e r  t h a n  I n s t a l l e d  a t  t h e  s i t e  b y  a  
c o n t r a c t o r .  
A  v a r i e t y  o f  f a c t o r s  w e r e  i d e n t i f i e d  
t h a t  I n f l u e n c e  t h e  d e c l s l o n  t o  i n s t a l l  a  
CCH. The mos t  s i g n i f i c a n t  f a c t o r s  w e r e  
" c l  l m a t e * .  " t o  r e d u c e  ma1 n t e n a n c e  p r o b l e m s  
and c a l l - b a c k s b n d  t h e  f a c t  t h a t  CCHs a r e  
" s t a n d a r d  I n  m o s t  u n i t s n .  On a  s c a l e  o f  1 
t o  5, w i t h  f i v e  b e i n g  " v e r y  I m p o r t a n t n ,  no 
. f a c t o r  r e c e i v e d  a  r a t i n g  g r e a t e r  t h a n  3.1. 
however .  T h e r e  was no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  I n  t h e  I n f l u e n c i n g  
f a c t o r s  a c r o s s  c l l m a t e  zones .  
Based  on t h e  I n s t a l l e r  s u r v e y ,  t h e  
mos t  commonly used  c o n t r o l  s t r a t e g y  f o r  
CCHs I s  " t h e r m o s t a t l c U ,  w i t h  a  w e i g h t e d  
a v e r a g e  o f  44 p e r c e n t  o f  r e p s o n d e n t s  
i n d i c a t i n g  t h a t  t h l s  was t h e i r  m o s t  
f r e q u e n t  c h o i c e .  Twenty  e i g h t  p e r c e n t  o f  
t h e  r e s p o n d e n t s  I n d i c a t e d  t h a t  t h e  CCH I s  
l e f t  on a t  a l l  t i m e s  ( " n o  c o n t r o l " ) ,  w h l l e  
16 p e r c e n t  t y p i c a l l y  u s e  a  " p o s i t i v e  
t e m p e r a t u r e  c o e f f i c i e n t n  c o n t r o l .  The 
t y p l c a l  p r a c t i c e  a p p e a r s  t o  v a r y  
s i g n i f i c a n t l y  a c r o s s  c l l m a t e  zones .  
a l t h o u g h  t h e  c e l l  c o u n t s  a r e  t o o  s m a l l  t o  
a s s e s s  w h e t h e r  t h i s  v a r i a t i o n  I s  
s t a t i s t i c a l l y  s i g n i f i c a n t .  
A n o t h e r  a r e a  o f  i n q u i r y  f o r  a i r  c o n d l -  
t l o n e r s  c o n c e r n e d  t h e  f r e q u e n c y  o f  
i n s t a l l a t i o n  o f  u n l t s  t h a t  e x c e e d  t h e  
min imum e f f i c i e n c y  s t a n d a r d s  r e q u i r e d  i n  
C a l i f r o n l a .  and  t h e  f a c t o r s  t h a t  a f f e c t  
when t h l s  o c c u r s .  The s u r v e y  i n d i c a t e s  
t h a t  t h e  m a j o r i t y  o f  I n s t a l l e r s  (77 p e r c e n t  
o v e r a l l .  and 58 p e r c e n t  on a  w e l g h t e d  
a v e r a g e  b a s i s )  d o  I n s t a l l  some u n l t s  w l t h  
e f f l c l e n c l e s  t h a t  e x c e e d  t h e  m l n l m u n  
s t a n d a r d s .  The m o s t  I m p o r t a n t  f a t o r s  t h a t  
I n f l u e n c e  when t h i s  w i l l  o c c u r  I n c l u d e  a  
' T i t l e  24 T r a d e o f f  ( w i t h  a  r a t i n g  o f  3.4 on  
a  s c a l e  f r o m  1 t o  5 ) .  " C l i m a t e  (3 .1 ) " .  
" U n i t  A v a i l a b i l i t y  (2 .9 ) " .  and " B u i l d e r  
D i c a t e s  (2 .9 ) " .  " M a n u f a c t u r e r  o r  U t i l i t y  
R e b a t e V s  n o t  c o n s i d e r e d  t o  b e  I m p o r t a n t  
( a  r a t i n g  o f  1.3) b y  m o s t  i n s t a l l e r s .  
W h i l e  t h e  mean r a t i n g s  v a r y  by  c l l m a t e  
zone, t h e  on1 y  s t a t i s t i c a l l y  s i g n i f i c a n t  
v a r i a t i o n  o c c u r s  f o r  t h e  " C l i m a t e n  f a c t o r .  
An a r e a  n o t  f u l l y  i n v e C t T g a t e d  I n  t h l s  
r e p o r t  I s  t h e  p r e v a l e n c e  o f  CCHs I n  h e a t  
pumps. The p r o j e c t  management team assumed 
t h a t  a l l  h e a t  pumps s o l d  I n  C a l  l f o r n l a  a r e  
e q u i p p e d  w i t h  CCHs. I n  t h e  c o u r s e  o f  
r e s e a r c h i n g  t h e  f e q u e n c y  o f  CCHs I n  c e n t r a l  
a i r  c o n d l t l o n e r s .  I t  was f o u n d  t h a t  t h e r e  
a r e  some m o d e l s  o f  h e a t  pumps s o l d  I n  
C a l i f o r n i a  t h a t  do n o t  have  CCHs. The d a t a  
u s e d  t o  s u p p o r t  t h e s e  f i n d i n g s  a r e  n o t  
s a l e s  w e l g h t e d ,  however .  so a  firm 
c o n c l  u s i o n  on  t h e  p r e v a l e n c e  o f  CCHs on  
h e a t  pumps c a n n o t  b e  e s t a b l l s h e d .  
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T h r e e  a r e a s  o f  I n q u i r y  w e r e  made I n  
t h e  I n s t a l l e r  s u r v e y  t h a t  p e r t a i n  t o  t h e  
s i z i n g  o f  h e a t  pumps: t h e  b a s l s  (e.g., 
c o o l l n g  o r  h e a t i n g  l o a d s )  b y  w h i c h  h e a t  
pumps a r e  s i z e d :  t h e  I m p o r t a n c e  o f  c l l m a t e  
i n  s e l e c t i n g  h e a t  pump s i z e :  a n d  t h e  
c a l c u l a t i o n  m e t h o d  u s e d  t o  e s t i m a t e  h e a t  
pump c a p a c i t y .  
An a r e a  n o t  f u l l y  I n v e s t i g a t e d  I s  t h e  
p r e v a l e n c e  o f  CCHs I n  h e a t  pumps. The 
p r o j e c t  management t e a m  assumed t h a t  a l l  
h e a t  pumps s o l d  I n  C a l i f o r n i a  a r e  e q u i p p e d  
w l t h  CCHs. I n  t h e  c o u r s e  o f  r e s e a r c h i n g  
t h e  f r e q u e n c y  o f  CCHs f n  c e n t r a l  a i r  
c o n d l t l o n e r s .  I t  was f o u n d  t h a t  t h e r e  a r e  
some m o d e l s  o f  h e a t  pumps s o l d  I n  
C a l i f o r n i a  t h a t  do  n o t  h a v e  CCHs. The d a t a  
u s e d  t o  s u p p o r t  t h e s e  f i n d i n g s  a r e  n o t  
s a l e s  w e i g h t e d .  however .  so  a  f i r m  
c o n c l u s i o n  on t h e  p r e v a l e n c e  o f  CCHs on  
h e a t  pumps c a n n o t  b e  e s t a b l l s h e d .  
By f a r ,  t h e  m o s t  common b a s l s  f o r  
s i z i n g  h e a t  pumps i s  c o o l l n g  l o a d ,  w l t h  a '  
w e i g h t e d  a v e r a g e  r e s p o n s e  o f  6 8  p e r c e n t .  
" B o t h  h e a t i n g  and c o o l i n g  l o a d "  i s  t h e  
second  m o s t  f r e q u e n t l y  r e p o r t e d  m e t h o d  (15  
p e r c e n t ) .  f o l l o w e d  b y  s q u a r e  f o o t a g e  ( 1 2  
p e r c e n t ) .  O n l y  3  p e r c e n t  o f  t h e  
r e s p o n d e n t s  i n d i c a t e d  t h a t  h e a t i n g  l o a d  was 
b a s l s  f o r  h e a t  pump s i z i n g .  
S u r v e y  r e s p o n d e n t s  w e r e  a s k e d  t o  r a t e  
t h e  I m p o r a t a n c e  o f  " c l l m a t e  z o n e "  i n  t h e  
s e l e c t i o n  o f  a  h e a t  pump u n i t .  F o r  a l l  
zones.  c l l m a t e  I s  a t  l e a s t  " m o d e r a t e l y  
I m p o r t a n t . "  The l o w e s t  r a t i n g  was a  3.2 
( z o n e  1 2 )  o n  a  s c a l e  f r o m  1 t o  5. w h l l e  t h e  
h i g h e s t  r a t i n g  was a  4.8 f o r  z o n e  16. The 
a v e r a g e  f o r  t h e  a g g r e g a t e  samp le  was 3.8. 
R e g a r d i n g  t h e  m o s t  common c a l c u l  a t l o n  
m e t h o d s  u s e d  t o  d e t e r m i n e  h e a t  pump 
c a p a c l  t y .  t h e  m o s t  common a p p r o a c h  e m p l o y s  
t h e  "Manua l  J "  c a l  c u l  a t 1  on method01  ogy.  
w i t h  a  w e i g h t e d  a v e r a g e  o f  44 p e r c e n t  o f  
t h e  r e s p o n d e n t s  I n d i c a t i n g  t h i s  was t h e i r  
m o s t  f r e q u e n t l y  u s e d  method.  The "ASHRAE 
h e a t i n g  and  c o o l i n g  l o a d  m e t h o d "  was s e c o n d  
a t  1 8  p e r c e n t .  
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The s u r v e y  i n v e s t i g a t e d  t h e  p r e v a l e n c e  
o f  s t r l p  h e a t e r s  among h e a t  pump 
I n s t a l l a t i o n s .  and  t h e  f a c t o r s  t h a t  
i n f l u e n c e  when t h e y  a r e  I n s t a l l e d .  
O v e r a l l .  s t r i p  h e a t e r s  a r e  I n s t a l l e d  i n  
a p p r o x i m a t e l y  h a l f  o f  a l l  h e a t  pumps a t  t h e  
t i m e  o f  I n s t a l l a t i o n .  However. I n  t h e  
c o l d e r  zones  (12  and  16) .  t h e y  a r e  I n c l u d e d  
I n  v i r t u a l l y  a1 1  I n s t s l l a t l o n s  w h e r e a s  f o r  
m i l d e r  zones.  t h e y  a r e  r a r e 1  y  i n c l u d e d .  
"To  e n s u r e  c o m f o r t n  i s  b y  f a r  t h e  m o s t  
s l g n l f l c a n t  f a c t o r  l n f l  u e n c l n g  when s t r l p  
h e a t e r s  a r e  i n s t a l l e d .  w i t h  o v e r a l l  r a t i n g  
o f  4.3 on a  s c a l e  o f  1 t o  5.  The n e x t  two  
m o s t  i m p o r t a n t  f a c t o r s  a r e  when t h e  u n i t  i s  
" s i z e d  b a s e d  on  c o o l l n g  l o a d s n  ( r a t i n g  o f  
3 .2)  and  n c l i m a t e n  ( 3 . 1 ) .  
The f 1  n a l  I s s u e  1  n v e s t l g a t e d  c o n c e r n e d  
t h e  p r e v a l e n c e  o f  h e a t  pump I n s t a l l  a t l o n s  
w l t h  e f f i c l e n c y  r a t l n g s  t h a t  e x c e e d  t h e  
mln lmum r e q u l r e d  b y  t h e  C a l i f o r n i a  
s p p l  l a n c e  s t a n d a r d s .  As w i t h  a i r  
c o n d l t l o n e r s .  t h e  m a j o r i t y  o f  c o n t r a c t o r s  
I n d i c a t e  t h a t  a t  l e a s t  some o f  t h e i r  
I n s t a l l a t i o n s  e x c e e d  t h e  mln imum e f f i c l e n c y  
s t a n d a r d s .  The m o s t  s i g n i f i c a n t  f a c t o r s  
a f f e c t i n g  when s u c h  I n s t a l l  a t l o n s  a r e  made 
a r e  a s  a  t r a d e o f f  t o  meet  t h e  T l t l e  24 
b u l l d i n g  s t a n d a r d s  ( a  r a t i n g  o f  3 .5  on  a  
s c a l e  o f  1 t o  5 ) .  and "climate' (3.0) .  
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